JOINT 



APPLICATION 
FOR 

UNITED STATES LETTERS PATENT 



TO THE COMMISSIONER FOR PATENTS: 

BE IT KNOWN, that we, 

Robert Lombari, North Smithfield, RI 
Wei-Chiao Lo, Taya-hsing, Taichung, Taiwan 

have invented certain new and useful improvements in In-Line Flow Through 
Diaphragm Tank of which the following is a specification: 



Express Mail No.: EL744195830US 
Date Filed: July 24, 2003 



In-Line Flow Through Diaphragm Tank 



Cross-Reference to Related Applications 

This application is a continuation-in-part of and claims the priority of U.S. Patent 
5 Application No. 10/281,708, filed October 28, 2002, and claims the priority of U.S. 
Provisional Application No. 60/398,765, filed July 25, 2002, the entire contents of both 
of which are incorporated herein by reference. 

Field of the Invention 

The invention pertains to a diaphragm tank, and more specifically, to a flow- 
1 0 through diaphragm tank having robust construction. 

Background of the Invention 

There are many settings within water delivery systems in which the amount of 
water that must be contained varies over time. For example, water expands when heated. 
In a closed system, this expansion may cause dangerous increases in water pressure. 

1 5 While water heaters have relief valves to vent excess pressure and prevent damage to the 
water heater and surrounding piping, it is undesirable to have hot water venting out of a 
tank in a residential setting. As a result, expansion tanks are used to absorb the excess 
pressure and release water back into the water heater when the pressure decreases. In 
addition, expansion tanks may be used to modulate pressure spikes in water systems in 

20 which pressure is supplied by a pump, e.g., domestic well systems. Expansion tanks also 
find applications in forced hot water heating systems, water towers, and other settings. 

Summary of the Invention 

In one aspect, the invention is an in-line diaphragm tank including a case having 

first and second passage fittings providing fluidic communication between an exterior 

25 and an interior of the case, first and second collars sealingly connected to the first and 

second passage fittings, a resilient diaphragm having first and second ends sealingly 

connected to an exterior of the first and second collars, respectively, and a tube retained 
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between the first and second collars and having two ends. One or both ends of the tube 
have a notch providing fluidic communication between an interior of the tube and an 
interior of the diaphragm. The case may be metallic and may include a shell having first 
and second ends and first and second domes welded to the first and second ends of the 
5 shell, respectively. The passage fittings may each be disposed in a wall of a dome. The 
tank may further include a valve providing controllable fluidic communication between 
an exterior of the tank and a space between the case and the diaphragm. The valve may 
be disposed in a wall of one of the domes or of the shell. 

A cross-sectional area of the first and second ends of the diaphragm may be 

10 smaller than a cross-sectional area of a middle portion of the diaphragm. One or both 

ends of the tube may have a plurality of notches. A middle portion of the diaphragm may 
be configured to contact the tube at normal operating pressures. A portion of at least one 
of the collars may have an outer diameter that is approximately equal to an inner diameter 
of the diaphragm. The diaphragm may have a substantially uniform diameter along the 

1 5 length of the diaphragm. The diaphragm's diameter may be greater in size than a 
diameter of the tube. 

In another aspect, the invention is an in-line diaphragm tank including a pressure 
assembly having an inlet and an outlet, a flow-through assembly having an interior and 
an exterior and first and second ends sealingly connected to the inlet and outlet, 

20 respectively, and a resilient diaphragm having a middle portion and first and second ends 
sealingly connected to the flow-through assembly. The cross-sectional area of the first 
and second ends of the diaphragm are smaller than a cross-sectional area of the middle 
portion, and a space between the exterior of the flow-through assembly and the interior of 
the diaphragm is in fluidic communication with the interior of the flow-through 

25 assembly. A space between the exterior of the flow-through assembly and the interior of 
the diaphragm may be in fluidic communication with the interior of the flow-through 
assembly. The flow-through assembly may include first and second collars sealingly 
connected to the inlet and outlet, respectively, and a tube retained between the first and 
second collars and having two ends. One or both ends of the tube may have a notch 



providing fluidic communication between an interior of the tube and an interior of the 
diaphragm. 

In another aspect, the invention is an in-line diaphragm tank including a metallic 
pressure assembly, a flow-through assembly having an interior and an exterior, and a 
resilient diaphragm having inlet and outlet ends sealingly connected to the flow-through 
assembly. A space between the exterior of the flow-through assembly and an interior of 
the diaphragm are in fluidic communication. The pressure assembly includes first and 
second domes welded to the first and second ends of the shell, respectively, and first and 
second fittings attached to the first and second domes, respectively, and adapted and 
constructed for connection to a plumbing system and providing fluidic communication 
between an interior and an exterior of the case. First and second ends of the flow-through 
assembly are sealingly connected to the first and second fittings of the case, respectively. 

In another aspect, the invention is a pre-assembled water chamber assembly for an 
expansion tank including a tube having first and second ends, first and second collars 
disposed at the first and second ends of the tube, respectively, and a resilient diaphragm 
having first and second ends. The diaphragm is disposed about the tube and the first and 
second ends of the diaphragm are sealingly fitted around the first and second collars, 
respectively. 

Brief Description of the Drawing 

The invention is described with reference to the several figures of the drawing, in 

which, 

Figure 1 is a schematic diagram of an in-line flow through diaphragm tank 
according to an embodiment of the invention; 

Figure 1 A is an exploded view of a valve body illustrated in Figure 1 ; 

Figure 2 is an exploded view of the diaphragm tank illustrated in Figure 1 ; 

Figure 3 is a schematic diagram of an alternative embodiment of the flow- 
through diagram tank illustrated in Figure 1 ; 

Figure 4 is a schematic diagram of a portion of an exemplary plumbing system 

including a diaphragm tank according to an embodiment of the invention; 
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Figure 5 is a schematic diagram of portion of an exemplary heating system 
including a boiler and diaphragm tank according to an embodiment of the invention; and 

Figure 6 is a schematic diagram of a portion of an exemplary well system 
including a pump and diaphragm tank according to an embodiment of the invention 

5 

Detailed Description of Certain Preferred Embodiments 

Figure 1 illustrates a flow-through diaphragm tank 10 according to an 
embodiment of the invention. The tank 10 includes an external case, for example, 
pressure assembly 15, and an interior assembly via which water or other liquids flow 

10 through the tank 10, for example, water chamber assembly 12. The pressure assembly 15 
may include a shell 5 that is capped at each end by domes 2. Alternatively, domes 2 may 
be elongated and may be attached, for example, through welding, to one another to form 
pressure assembly 15 (Figure 3). 

One skilled in the art will recognize that domes 2 may take on any shape so long 

1 5 as they may be attached to shell 5 or to each other, depending on the desired embodiment. 
For example, domes 2 may be cup-shaped, as shown, or flat caps with squared or rounded 
corners, or some other shape. Whether the pressure assembly 15 is formed from two 
domes 2 or two domes 2 and shell 5 depends partially on the size of the pressure 
assembly and the ease of forming domes 2 of the proper size. For example, if domes 2 

20 are pressed from sheet metal, the walls of the pressure assembly 15 will be thinner as the 
domes 2 are pressed to greater lengths. The required thickness of the walls will depend 
on the pressure within the pressure assembly 15 during operation and may be easily 
determined by one skilled in the art. 

It is preferable that the domes not flex significantly as the pressure within 

25 pressure assembly 15 changes. One of the domes 2 may be fitted with a valve body 9 
through which the interior of pressure assembly 15 may be charged with air or vented. 
(Figure 1 A). Alternatively, valve body 9 may be disposed in shell 5. Under normal 
pressures, that is, when the pressure within the system is less than or equal to the 



precharge pressure within the tank (the pressure of the air between the pressure assembly 
1 5 and the diaphragm when there is no water in the tank), water flows through the tank 
10 by entering at one fitting 1, flowing through water chamber assembly 12, and exiting 
the tank 1 0 at the second fitting 1 . 
5 An exploded view of the tank 10, isolating water chamber assembly 12, is shown 

in Figure 2. The ends of tube 4 are inserted into collars 3 to form flow-through assembly 
13. In one embodiment, each collar 3 has a shoulder 3 A to prevent lateral motion of tube 
4 within the collar 3. Water chamber assembly 12 is formed by affixing diaphragm 6 to 
flow-through assembly 13. Diaphragm 6 fits around the outside of collar 3 and is 

10 retained in place by clamps 7. Clamp 7 also prevents water leakage from water chamber 
assembly 12 to the space between the diaphragm 6 and pressure assembly 15. In the 
embodiment shown in Figure 1, the ends of diaphragm 6 are tapered to reduce stress on 
the ends of the diaphragm 6 as it expands away from tube 4 (see below). 

In an alternative embodiment, shown in Figure 3, diaphragm 6 is straight, namely 

15 having a substantially uniform diameter along the entire length of the diaphragm. In this 
embodiment, collar 3 includes retainer 3B, whose outer diameter is approximately the 
same as the inner diameter of diaphragm 6. The retainer 3B may be formed on collar 3 as 
a monolithic piece, or the narrower portion of collar 3 may be formed separately and 
welded to retainer 3B. The diaphragm is then sealed to retainer 3B by clamp 7. One 

20 skilled in the art will recognize that the uniform diameter diaphragm may be used with a 
pressure assembly 1 5 having a shell 5 and two domes 2 or one formed with two domes 2 
welded together. 

To assemble the tank 10 as shown in Figure 1, the water chamber assembly 12 is 
passed through outer shell 5. The ends of collars 3 are inserted into fittings 1. O-rings 8 
25 in notches in collar 3 prevent leakage of water from fitting 1 to the space between 

diaphragm 6 and pressure assembly 15. In one embodiment, the fittings 1 are already 
attached to domes 2. For example, the assembly of fitting 1 and domes 2 may be 
assembled as a monolithic piece. Alternatively, fittings 1 may be welded to domes 2. 
When the collars 3 are inserted into fittings 1, the tank 10 is essentially assembled. The 



domes 2 are sealingly secured to outer shell 5, preferably by welding, to form pressure 
assembly 15. One skilled in the art will recognize that one dome 2 may be welded to 
shell 5 before inserting water chamber assembly 12. As noted above, in an alternative 
embodiment, shell 5 is omitted and the two domes 2 are welded to one another. 
5 Welding techniques such as metal-inert gas (MIG) and tungsten-inert gas (TIG) 

may be used to join the domes 2 to each other or to outer shell 5. Those skilled in the art 
will recognize that a variety of welding techniques may be used to join the various parts 
of pressure assembly 15. Because the joints are welded, an increase in pressure within 
the space between diaphragm 6 and pressure assembly 15 will not force the various parts 

10 of pressure assembly 15 to separate from one another. 

As noted above, at normal operating pressures, water simply flows from one end 
of the tank 10 to the other through tube 4. At normal operating pressures, the space 
between pressure assembly 15 and diaphragm 6 is pressurized so that the diaphragm is 
pushed against the outer wall of tube 4. If the water pressure within the tube 4 exceeds 

1 5 the pressure between diaphragm 6 and shell 5, then water will flow into the space 
between tube 4 and diaphragm 6 through slots 20 cut into the ends of tube 4. In one 
embodiment, each end of tube 4 includes two slots 20, offset by 180 degrees. One skilled 
in the art will realize that more slots may be included if desired. For example, four slots 
with an offset of 90 degrees may be included. When the water pressure within tube 4 

20 decreases, the diaphragm 6 is forced back against the outside of tube 4, pushing the water 
back into the tube from the space between tube 4 and diaphragm 6 through the slots 20. 

Example 1 - Hot Water Heating 
The tank 10 absorbs the increase in pressure from thermal expansion as water is 
25 heated in a hot water heater 30 (Figure 4) for use by an enduser (e.g., in an open system). 
Such a system is called an open system because it supplies water to a user rather than 
continuously recycling the same water. A check valve 32 prevents the water from 
flowing back down supply side 34 from the heater 30. As water is heated in hot water 
heater 30, it expands. If there is no demand for the hot water (e.g., faucet 35 is closed), 



then the expanding water increases the pressure downstream of valve 32. While hot 
water heaters have pressure valves 36 to vent water and prevent damage to the heater, a 
homeowner is not likely to appreciate the safety advantages of having hot water venting 
out of the heater 30 into the rest of the home. To relieve the pressure, in-line tank 10 is 
5 disposed between the check valve 32 and the hot water heater 30 on the supply side 34 
(cold water side) of the heater 30. As water heats up, its expansion increases the 
upstream water pressure, and the diaphragm expands. In one embodiment, the pressure 
between pressure assembly 1 5 and diaphragm 6 is at least 5 psi. One skilled in the art 
will recognize that the appropriate pressure will depend on the capacity of the water 

10 heater, the diameter of the piping, and the total capacity of the system. 

A typical tank for such a system has a pressure assembly 15 of 1 gallon or more. 
On some systems, the volume of water may dictate volumes as great as 100 gallons or 
more. Because the tank is being used to hold potable water, it is important (and may be 
required by local building codes) that the water in the tank completely circulate through 

1 5 after sufficient downstream demand. Because water enters the diaphragm through the 
slots 20 at one end and leaves through the slots 20 at the other end, water passes through 
the tank on a FIFO (first-in, first-out) basis in the direction of flow through the tube 4. 

A similar configuration may be employed to exploit the in-line tank 10 for use 
with a closed loop system, e.g., a forced hot water heating system for a home or other 

20 building. Tank 10 is installed upstream of boiler 40 (Figure 5). When the circulator 42 is 
on, water from the tank 1 0 leaves the diaphragm and is circulated through the heating 
system. If the circulator is off but the boiler is on, the pressure of the expanding water is 
relieved by expansion of the diaphragm. 

For either of these systems, the size and precharge setting of the diaphragm tank 

25 will depend on the volume of water being heated and the setting of the pressure relief 
valve. Typically, the precharged pressure of the tank, that is, the pressure between the 
uninflated diaphragm and the pressure assembly 15, is the same as the supply pressure for 
the system. For example, a 100 kbtu boiler may be used in combination with a 18 liter 
tank charged to 12 psi. The supply pressure for a boiler for a hot water heating/radiator 



system is typically between 10 and 30 psi; that for hot (potable) water heating may be 
much higher, as is known to those skilled in the art. 



Example 2 - Well Systems 
The diaphragm tank 10 is inserted in well casing 44, downstream of pump 46 
5 (Figure 6). The tank satisfies small demands from a downstream user without engaging 
the pump. When the pump is on, water flows through both tube 4 and the space between 
tube 4 and diaphragm 6. Water flows from one end of the space to the other, ensuring 
that water enters and leaves the tank on a first-in-first-out basis. Typical tank systems for 
in- well systems have capacities between 1.5 and 5 gal, for example, 1.5, 3.1 and 4.5 gal. 
10 The primary limitation on the size of the tank is the diameter of the well; however, the 
volume may be increased by lengthening the tank 10. 

To prevent pressure spikes in the tank, the rate at which the diaphragm expands 
should be controlled. One method of accomplishing this is to use a variable speed pump. 
The speed of the pump increases gradually, slowing increasing the flow and the pressure 
15 of water within the tank. Another method is to install a pressure regulating valve 48 
between the pump 46 and tank 10. The valve moderates the rate of pressure increase 
downstream when the pump comes on. 

The tank itself also moderates changes in pressure due to changes in demand. For 
example, when demand ceases, e.g., a faucet is turned off, the pump does not 
20 immediately slow down or stop. Water continues to be pumped into the plumbing system 
with no outlet, increasing the pressure. Some of this water passes into the space between 
the tube 4 and diaphragm 6, reducing the rate of pressure increase by effectively 
increasing the volume of the system. Conversely, the pump comes on after a user has 
already decreased the pressure in the system by running a faucet because it is the 
25 decrease in pressure that causes the pump to come on. The tank prevents pressure spikes 
due to the increase in pressure from the operation of the pump. 

The lowest cut-in pressure for the pump is typically 20 psi; the highest cut-out 
pressure is typically about 100 psi. Typical pressure switches operate on a 20 psi 
differential between the cut-in and cut-out pressures. The desired pressure will depend 



on the equipment being supplied downstream of the tank. The piping and the pump 
should be able to support the desired pressures; likewise, tank 10 must be sufficiently 
robust to withstand the pressures within the system. One skilled in the art will recognize 
that the thickness of the diaphragm, outer shell, and dome materials, as well as the 
5 materials themselves, may be selected with the operating conditions in mind. 

As for the water heating systems described in Example 1, the tank 10 ensures that 
water is delivered to an end user on a FIFO basis rather than a LIFO basis. Because the 
pump is pushing water upwards, the use of a variable speed pump or a pressure regulating 
valve provide the potential for water to stagnate in the delivery system. The tank 10 
1 0 minimizes the residence time of water between the well and the user. 

Example 3 - Anti-hammer 
The tank may also be used to reduce knocking, or hammering, in water systems 
15 that also contain air. For example, a water tower includes a drop pipe that occasionally 
requires emptying and clearing. When the pipe is refilled from the elevated tank, the 
falling water rapidly compresses the column of air in the pipe. The pressure from the 
falling water, which is accelerating under the force of gravity, is greater than the pressure 
exerted once the pipe is full, and the compressed air re-expands against the water. This 
20 expansion results in knocking in the pipes. Besides being noisy, it also strains pipe 
material, possibly weakening the pipe. 

Indeed, in any large pipeline with water, the velocity of the water is great enough 
that potential energy from compression of air trapped within the line will cause 
hammering. A pressure tank can absorb the potential energy to prevent hammers. As for 
25 the water tower, the excess pressure at the point of the hammer strains the pipeline 
material. Repeated hammering will fatigue the pipe material, facilitating crack 
generation and propagation and eventual failure. 

Tanks used in anti-hammer applications should be able to withstand pressures of 
400-500 lbs or more. Those skilled in the art will be able to choose the dimensions of the 



various portions of the tank, including the total volume, wall thickness, diaphragm 
thickness, precharge pressure, etc., depending on the expected pressures within the 
completed system. These tanks may be exploited for both hydraulic (open) and hydronic 
(closed-loop) systems. 

Other embodiments of the invention will be apparent to those skilled in the art 
from a consideration of the specification or practice of the invention disclosed herein. It 
is intended that the specification and examples be considered as exemplary only, with the 
true scope and spirit of the invention being indicated by the following claims. 

What is claimed is: 
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